Considering the devastating effects of near-fault earthquakes, seismologists and engineers have, 8 qualitatively and quantitatively, represented the strong velocity pulse of near-fault ground motions using 9 models including physical parameters associated with the wave propagation process. In some mathematical 10 models, the derivation of physical parameters is required to fit time history and response spectrum of the 11 simulated record to the actual record through trial and error process, which limits the scope of these models. In 12 the current study, the particle swarm optimization (PSO) algorithm is replaced with the trial and error 13 procedure. In this way, an automatic and quantitative process with the minimal judgment of the analyst is 14 prepared to extract a wide range of pulselike records. Then, the proposed approach is applied to simulate and 15 represent mathematically a set of 91 pulselike records from the Next Generation Attenuation (NGA) project 16 ground motion library. The obtained results show that a velocity pulse of each pulselike record could be 17 extracted using the proposed approach, and it can therefore be considered as a powerful tool in pulse 18 parametric studies and the relationship between velocity pulse and structure's response. 
2

Introduction
In the vicinity of causative faults, when a fault ruptures to the station with a velocity near the shear wave 23 velocity, significant seismic energy is often released as a pulse at the beginning of velocity time history. These 24 pulselike motions have a significant structural damage potential and impose on the structure considerable 25 demand, which cannot be predicted through conventional methods such as elastic-response spectra [1] [2] [3] [4] [5] [6] [7] [8] [9] . 26 Because of the destructive effects of such earthquakes, many engineers and seismologists have focused on 27 the quantitative identification and simulation of records containing pulse and studying structural response to 28 pulselike motions [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] . Baker proposed a criterion for classification of records as pulselike using wavelet 29 analysis and extracted the largest velocity pulse of these ground motions [21] . To create models that can trying the pulse parameters into the possible intervals with a specific step [22, 24] . Such a trial and error 37 process limits researchers and engineers' ability to apply these models and examine their effects on research 38 and practical applications because it is actually possible to identify only a limited number of near-field records 39 and a large number of pulselike records cannot be extracted in such a time-consuming process. 40 The application of metaheuristics algorithms including the particle swarm optimization algorithm (PSO) 41 has been expanded in solving inverse problems and structural optimizations [25] [26] [27] [28] [29] [30] . PSO algorithm is a swarm 42 intelligence algorithm based on the social behavior of birds or fish which has been practically used in many 43 research fields due to easy implementation and the algorithm's fast convergence speed [31] . This study focuses 44 on PSO algorithm to simultaneously minimize the difference between the time history and the corresponding 45 elastic-response spectra of model and those of actual record. Thus, by applying the optimization algorithm, the 46 largest velocity pulse of the pulse-like ground motions are identified and extracted, and an automatic and 3 quantitative process with the minimal judgment replaces the manual trial and error method for processing a 48 wide range of records. 
where V(t) is velocity time history, A is signal amplitude controller, f p is prevailing frequency, ν is phase 56 difference, γ represents the oscillatory characteristics of the signal, and t 0 denotes the time corresponding to the 57 enveloped peak. The model has been fitted using a trial and error procedure with some near-fault pulse records solutions. Each element of the population is called a particle. Each particle moves in space based on its own 76 experience and that of other particles. During the optimization process, the best personal experience of each 77 particle and the group's best experience are stored in the algorithm's memory and by using these data, particle 78 velocity and position is updated according to Eqs. (2) and (3). Thus, with the repetition of particle movement 79 in space, the knowledge of a good solution is retained by all particles and they would search in feasible space 80 and finally the optimal response is found based on personal and collective information.
where k is iteration number, V i is the velocity of i th particle, X i is the position of i th particle, Pbest i is the best 82 position of i th particle, and Gbest is the best particle among all the particles in the population; c 1 2. In this study, to best fit the actual elastic-response spectra and the simulated pulse spectrum, it is assumed 135 that the simulated pulse spectrum in each period is not larger than the actual record spectrum by more than 5% 136 and generating a random initial population and particle movement in space should satisfy this condition as PSO algorithm parameters are presented in Table 3 . The highest velocity pulse in all records is extracted 157 using the proposed approach and the results include the parameters A, γ, ν, f p and t 0 as shown in Table 4 . 158 Complete fitting of the simulated pulse and the actual pulse in all pulselike records conducted by substituting 159 the parameters of Table 4 in Eq. (1) (see Appendix A).
160
Using the input parameters from Table 4 , the mathematical model is fitted on the displacement, velocity, 161 and acceleration time histories, and the corresponding elastic-response spectra of the actual record. In Figure   162 4, several extracted strong velocity pulse and the original records are shown and the complete set is also 163 prepared in Appendix A. In addition, the tripartite logarithmic response spectra of a single degree of freedom 164 oscillator with 5% damping ratio is illustrated for the extracted pulse and the original record. In these figures, it 165 is observed that the simulated pulse and actual record are fitted with high quality and the proposed approach is 166 able to accurately model the long-period portion of the actual record. In addition, the convergence process to 167 the optimal solution is visible in Figure 5 : 
where T p is the prevalent pulse period. It should be noted that in literature, much attention is devoted to the 183 relationship between the prevalent pulse period and the earthquake magnitude. Figure 7 indicates the prevalent 184 pulse period versus earthquake magnitude based on Eq. (13) and Table 4 . In this regard, Eq. (14) is generated model. Therefore, the trial and error process was replaced in this study by using constrained PSO algorithm.
195
Also, by applying penalty function, root-mean-square differences of time histories and response spectra of the 196 actual records and simulated pulses were minimized simultaneously.
197
Then, a set of 91 pulselike records from NGA strong ground motion database was studied, and by choosing 198 a mathematical model and using the proposed approach, the largest velocity pulse in this set was identified, In Figure A .1, the actual record and extracted strong velocity pulse from 91 pulselike records of Table (2) are   297 shown. The complete fitting of the simulated pulse and the actual record is obtained by substituting the 298 parameters of Table ( 
